Aim: The STK11 gene, also known as LKB1, encodes for a serine/threonine kinase with growth-suppressing activity, such as inhibition of cell cycle progression, cell growth retardation, apoptotic cell death, and cell polarity control. This study aimed to investigate some properties of the STK11 gene and its product, such as the homologous protein sequences in different species, the common transcription factor binding sites on their promoters, their phylogenetic relationship, their catalytic domains (S_TKc), and their expression profiles.
INTRODUCTION
The gene STK11, also known as LKB1, is considered to be a tumor suppressor gene that is mutated in the Peutz-Jeghers cancer syndrome (1) . It encodes a serine/threonine kinase and is mapped to human 19p13.3 chromosome. Its protein product shows both nuclear and cytoplasmic localization. It is speculated that subcellular distribution of STK11/LKB1 is regulated by the balance between its importation into the nucleus and retention within the cytoplasm, and that the cytoplasmic retention ability is necessary for LKB1 to fulfill its normal function (2) (3) (4) (5) .
Human STK11/LKB1 shows strong homology to the cytoplasmic serine/threonine kinases of several organisms, including those of mouse and xenopus (6, 7) . There is a 92.5% similarity between mouse and human STK11/ LKB1 genes, and 97.5% in their core kinase domain. Similarly, there is 84.5% and 96.2% similarity between the core kinase domains of LKB1 of mouse and xenopus, respectively (8, 9) .
It has been shown by RNase-protection assay that murine STK11/LKB1 mRNA is expressed in all tissues and cell lines (10) . Strong expression of STK11/LKB1 in human fetal small intestine and stomach suggests that STK11/LKB1 has a regulatory function in the development and maintenance of the embryonic gastrointestinal tract (11) .
In this study, we aimed to analyze the STK11/LKB1 genes in different species in silico. Specifically, their S_TKc kinase domains, the transcription factor binding sites on their promoters, the tissue expression profile, homology level and phylogenetic tree among vertebrate STK11/LKB1 genes using bioinformatics tools.
MATERIALS AND METHODS

Homology search
The search for homologous protein sequence to human STK11/LKB1 was carried out using the BLASTp program (12, 13) at NCBI (http://www.ncbi.nlm.nih.gov) using human STK11/LKB1 amino acid sequence (GI: 4507271) as query against the SwissProt protein databases. Full protein and kinase domain (S_TKc) sequences of human and other species were downloaded and then aligned using the ClustalW (14) program at EBI (http://www.ebi.ac.uk).
Promoter Analysis
We used Genomatix software (http: //www.genomatix.de) for analysis of STK11/ LKB1 gene promoters in various species. These nucleotide sequences were downloaded and then were aligned using the ClustalW program. Then common transcription factor binding sites were searched with the Dialign TF program in Genomatix software for all of STK11/LKB1 promoters present in the database.
Evolutionary Analysis
We used amino acid sequences of S_TKc domains to construct phylogenetic trees using the neighbor-joining method (NJ) with JonesTaylor-Thomton (JTT) distances. NJ searches were conducted by using MEGA3 (15) and 500 bootstrap replicates were assessed for the reliability of internal branches; sites with gaps were ignored in this analysis.
In silico Expression Analysis
The DigiNorthern database (16) 
RESULTS
Homology Search
BLASTp results revealed that STK11/ LKB1 molecule is found in various species ( Table 1) . The homology search indicated that the STK11/LKB1 sequences of P. troglodytes (99), M. mulatta (99%) and hypothetical protein of M. fascicularis (99%), respectively, have the highest homology to that of human. In contrast, the one with the lowest homology human STK11/LKB1 protein was that of B. taurus (69%) ( Table 1) .
Multiple alignment results of human STK11 and its homologous revealed that this molecule is yet uncharacterized in two species, which B. taurus and M . fascicularis, probably due their possible truncation. The sequence of M. fascicularis has a truncation at its N-terminus while that of B. taurus has a truncation possible of an exon in the Cterminus of its kinase domain. The rest of the molecule of the B. taurus's molecule show a very diverse pattern compared to that of the other homologous. Ignoring the molecules of these two foregoing species, the S_TKc domains of the other species are very well conserved through evolution. 
Promoter Analysis
We found by the database search that the orthologous STK11/LKB1 gene promoters do not include any common transcription factor binding sites (TFBs) among H. sapiens, B. taurus, C. familiaris, R. norvegicus, M. musculus and G. gallus in Database of Genomatix software. However, we observed that the similarity (value 1.000) and the number of identical nucleic acids (in % of short sequence segments) was 89% between the STK11/LKB1 promoters of M. musculus and R. norvegicus for each pairwise alignment; however, this does not necessarily mean that the two sequences are identical.
Evolutionary Analysis
From the phylogenetic trees constructed by MEGA3 we found that STK11/LKB1 S_TKc domains are conserved among all organisms investigated. We have shown that the S_TKc domains of H. sapiens, P. troglodytes and M. mulatta are more closely grouped (Figure 1 ). When we constructed phylogenetic tree, we ignored domain sequences of M. fascicularis and B. taurus due to their high diversity caused by possible truncation.
In Silico Expression Analysis
The distribution of STK11/LKB1 in the cDNA library database was analyzed using the DigiNorthern program. In columns 2 and Table 2 , relative frequencies of STK11/ LKB1 in the cDNA libraries from normal and tumor tissues respectively are shown both as absolute numbers as well as normalized values per 106 cDNAs (in parenthesis). Its normal as well as cancerous tissue expression profile was compared and the significance in its expression pattern was accessed with the Fisher 's exact test (p value 0.05) ( Table 2 ). The STK11/LKB1 gene seems to be expressed at a low level or not at all in some tissues while highly expressed in some others. The tissue distribution and differential expression pattern in normal and cancerous human tissues displayed somehow different frequencies. The expression of STK11/LKB1 gene in some of the normal human tissues, such as bone marrow, colon, muscle, nervous, ovary, and pancreas, was not detected. In contrast, its expression seems to be lost in some of the cancerous tissues such as cervix and placenta. Compared to the normal tissues, its expression is significantly increased in cancerous muscle tissues and decreased in cancerous skin, prostate and kidney tissues ( Table 2) .
of
Relative frequencies are normalized per 106 cDNAs; p-values are for comparison of relative frequencies of STK11/LKB1 in normal versus tumor tissues, using the Fisher 's exact test. The data for tissues with significant or suggestive significant higher or Human, Mouse and Xenepus LKB1s (92.5% homology) and their core kinase domains (96.2% homology) are very similar. This high degree of conservation, in particular in regions outside the core kinase domain, strongly suggests that mouse, human and xenopus LKB1s are orthologues (6) (7) (8) . Likewise, our BLASTp results indicate that LKB1 is found in various species of vertebrates and these molecules have 69-99% conservation degree in the total amino acid sequences (Table 1 ). The human LKB1 molecule has highest homology to those of P. troglodytes and M. mulatta (99%) and lowest homology to that of B. taurus (69%). So, these results indicate that the STK11/LKB1 gene has been evolutionary well conserved (Table  1) .
We also examined the phylogenetic trees of S_TKc domain of LKB1 in different species using MEGA3 program. We observed that human S_TKc domain protein shows closest homology to those of M. mulatta and P. trogylodytes. Likewise, same figures show that S_TKc domains of R. erinacea, X. tropicalis, X. laevis and D. rerio are most diverse from S_TKc domain of H. sapiens.
The expression of STK11/LKB1 in different tissues was analyzed using the DigiNorthern program ( Table 2 ). Its expression patterns in normal and cancer tissues displayed somehow different frequencies in human. In some tissues, such as muscle, nervous, ovary, and pancreas, their expressions seem to be expressed at a very low level or not at all. In cancerous cervix and placenta its expression is not observed while decreased in cancerous skin, prostate, and kidney tissues. In contrast, its expression is significantly increased in cancerous muscle tissues (Table 2) . Its increased frequency in pooled cancerous tissue may be attributed to one of the tissues present in the pool.
We suspect that LKB1 the change in its expression pattern in different tissues may be related to the role for pathogenesis of some sporadic cancers. The availability of the comprehensive data generated by highthroughput functional genomic approaches, mainly expressed sequence tag (EST) and serial analysis of gene expression (SAGE), provides the feasibility to study gene expression through in silico analysis (17) . Shen et al demonstrated that LKB1 protein expression levels were significantly associated with histological grade, tumor size, progesterone receptor status, and presence of the lymph node metastasis (18) . It has been shown that the expression is higher in fetal than in adult tissues (19) . Expression also appears to be higher in many malignant tumors than in normal tissues or benign lesions, although some cancers might have lost STK11/LKB1 expression, quite possibly as part of the process of tumorogenesis (18) . It has been shown that STK11/LKB1 directly phosphorylates Thr-172 of AMPK (AMPactivated protein kinase) in vitro and activates its kinase activity. This suggests that LKB1/ AMPK signaling plays a role in cell survival by protecting cells from apoptosis, specifically in response to agents that increase the cellular AMP/ATP ratio (20) .
We used Dialign TF program in Genomatix software for predicting transcription factor binding sites (transcriptional elements) of all orthologous STK11/LKB1 promoters that present in the database. Dialign TF results revealed that STK11/LKB1 orthologous promoters had no common conserved transcriptional elements. The conservation of transcriptional elements in promoter sequences may provide further evidence in support of functional conservation (5, (21) (22) (23) . However, the element in the promoters or their vicinity may be more mobile than the genes themselves. Our results indicate that the binding sites of different transcription factors might have located on different parts of the promoter or promoter vicinity in various species.
Basic bioinformatics techniques are powerful tools in terms of leading to the discoveries and analysis of novel genes (24) . Recently we identified and further characterized two novel genes using bioinformatics tools (25) . Even though the results from bioinformatics studies are very helpful in directing and designing the experiments, they need to be supported and confirmed by further experimentation.
